Considering the contradictions between the electronic commerce (e-commerce) and its matching express delivery service, this paper investigates a supply chain regarding e-commerce and express delivery industry, in which collaborative operations of enterprises are discussed. The profitability and collaboration capability acting as order parameters and the rest of the influential resources including logistics, fund, information, and commodity are selected with their interrelations being examined based on servo theory of synergetics. Besides, evolutionary model of the e-commerce and express delivery industry is established and analyzed according to self-organization method of system dynamic theory to illustrate order parameters' role in system evolution, and numerical analyses emerged to intuitively demonstrate the solutions. We conclude the work along with its results of significant references for investigating resource integrations by combining the two closely related businesses in an entire cooperative supply chain and providing guidelines for e-commerce and express delivery enterprises and industries in effective collaboration and system evolution.
Introduction
In company with the acceleration of economic globalization and regional integration, electronic commerce (e-commerce) industry has been thriving during the past few decades. Developed countries, Europe in particular, have enjoyed e-commerce booming with a market size of $426 billion, accounting for 35% of e-commerce market share globally in 2012, followed by 33.1% with a number of $389 billion in North America market [1] . Asia-Pacific has witnessed persistent development of e-commerce at an unprecedented rapid speed since 2013 with an average growth rate of 23%, while China and Indonesia stand out as the two fastest-increased e-commerce regions that hold a year-on-year growth of 65% and 71%, respectively [2] . Specifically, as middle class in China has become more web-savvy in recent years, online business in the country, driven by technological innovation as well, remains prosperous.
To e-commerce industry, logistics service is of vital significance for regular operations as well as further innovations and breakthroughs to better satisfy customers. While ecommerce industry has progressed and improved constantly, contradictions have arisen between e-commerce and its matching express delivery service that needs to be better regulated and standard simultaneously. Statistics and surveys have proved, however, that the express system in China has got low flow rate of efficiency, limited management area, and poor corresponsive ability for market changes, which have inevitably inhibited further development of ecommerce industry [3] . As a response to this new challenge, coordination and cooperation between e-commerce and express delivery enterprises should be attained for win-win development. In fact, the rapid expansion of e-commerce has indeed brought about dramatic opportunities for express industry which in turn determines the quality and efficiency of e-commerce undertakings. Therefore, study of synergistic 2 Discrete Dynamics in Nature and Society model along with its evolutionary process of the so-called "ecommerce and express industry supply chain" in this paper comes into notice.
In this paper, a supply chain considering e-commerce and express delivery enterprises is taken into account. Servo theory of synergetics and self-organization method of system dynamics theory are employed to investigate the intraand interrelations among influential elements impacting the collaborative undertakings of e-commerce and express delivery industry across the supply chain. Besides, relevant numerical analyses emerged to corroborate and supplement the theoretical exploration.
Literature Review
To our knowledge, existing literatures mostly concern practical issues on supply chain collaborative management such as the significance of synergy among supply chain members [4, 5] , the advantage of resource integration and interaction of channel members [6] [7] [8] , strategies or incentives for successful cooperation and coordination in the system [9] [10] [11] [12] , and mode selections and practices of joint operations [13] [14] [15] . Among these, considerable attention has been paid to collaborative supply chain of single industry, while relevant researches conveying two or more industries are few and channel cooperation under e-commerce environment has not been mentioned yet.
Since the conceptually prospective ideas on supply chain collaboration under e-commerce background have been proposed, relating studies are believed to be highly significant in promoting management innovation of logistics systems for further breakthroughs of e-commerce development [16] [17] [18] [19] . Channel adaption and member behaviors of a supply chain consisting of the manufacturer and retailer under ecommerce environment are considered in [20] . Reference [21] figures out that win-win development of e-commerce and private courier is becoming tendency with corresponding recommendations provided. Reference [22] declares that supply chain management of circulation fruits and vegetables could be better implemented with the e-commerce service platform equipped with advanced IT applications. B2B (Business-to-Business) e-commerce technology adoption of organizations within the grocery industry supply chain is examined in [23] . Reference [24] analyzes the integration capabilities of B2B e-commerce from the perspective of capital and market operations and production and demand uncertainty in the supply chain as an influential factor. Reference [25] explores the role of e-commerce environmental management in improving support abilities of collaborative operations through confirmatory factor analysis. Reference [26] investigates the relations between supply chain management and e-commerce operation in automobile industry to illustrate the feasibility and necessity of managing the industrial chain taking advantage of e-commerce superiority. In sum, there are two prevailing topics of supply chain collaboration under e-commerce platform: (i) supply chain management innovations in the face of challenges and opportunities brought by the booming e-commerce industry and (ii) collaborative e-commerce supply chain management to attain a win-win status. Both research orientations, however, tend to overlook a potentially crucial role of influential factors within the channel that virtually should not be ignored in the collaboration and cooperation across the entire supply chain. In fact, profitability and interoperability along with the circulation of commodity, fund, information, and logistics are of vital importance in supply chain operations. In this paper, we further investigate supply chain coordination along with its evolutionary process of e-commerce and express delivery industry considering horizontal collaborations among various resource elements that combine the two closely related businesses in an entire cooperative supply chain.
As is known to all that the circulation of commodity, logistics, information, and fund is the basis and premise for e-commerce initiatives, researches on their connotations and interrelations have been prolific [27] [28] [29] . Besides, it is insufficient to merely cooperate one resource element between two nodes vertically for supply chain collaboration, horizontal collaboration that various factors are jointly considered should be emphasized even more. That is to say, the entire synergy could be attained only if the cooperative interactions are fulfilled among all influences both longitudinally and transversely [30] . In recent years, naturally, an increasing number of scholars examine issues of coordinative resource elements on supply chain operations. For example, [31] figures out that product and capital turnover reflected on information transmission constitute the basis for cooperative mode of agriculture product circulation. Reference [32] presents a brand-new 5F research model that introduces business flow and work flow as additional elements, compared with traditional physical, fund, and information flow, for resource integration and consolidation. Reference [33] addresses a collaborative supply chain system in which the flows of capital, goods, and information are optimized to enhance service innovation capabilities.
Previous approaches applied in supply chain collaboration are diverse, while mathematical models involving the confirmatory factor analysis, structural model formulation, mixed integer programming, and game theory methods [34] [35] [36] are proved to be applicable under specific assumptions and limitations. Meanwhile, adoptions of servo theory of synergetic and system dynamics methods, which belong to mechanical discipline initially, have taken place dramatically in supply chain collaboration [37] [38] [39] . Servo theory illustrates that the resource and operation elements should work externally and internally so that a well-regulated system could be accomplished [40] . Additionally, though the order parameters occupy a relatively smaller rate compared with a diversity of the rest of the elements in the supply chain, they make the entire system stable in its transition from disordered to ordered condition and the progress of low-ordered state converting to a high-ordered one [41] [42] [43] . The principle of self-organization of system dynamic [44] [45] [46] [47] [48] [49] is employed in our work to present interrelations between order parameters and other resource elements through differential equations formulation and calculation.
As such, our objective is to take a sound look at the interactions and connectedness among all influential factors of ecommerce and express delivery supply chain, particularly the Discrete Dynamics in Nature and Society 3 decisive role of order parameters in attaining well-regulated collaborations of the entire system. Order parameters along with influential elements selections based on servo theory are accomplished with reference to previous studies [50, 51] . Differential equations according to self-organization method of system dynamic theory are established to demonstrate evolutionary process toward a state of cooperative system stability.
Collaboration Model
With the deepening of technological innovation, competition among corporations is replaced with that among supply chains, and supply chain management has become a popular agenda of many enterprises. Among these, the collaboration capability is regarded as the core competence for accomplishing profit maximization and market share increase.
In practical terms, enterprises in a collaborative supply chain are required to cooperate with each other for winwin development by integrating and optimizing resources involving logistics, fund, information, and commodity, which are of great concern in the e-commerce and express delivery industry. Logistics, conveying the process of procurement, distribution, warehousing, packaging, and so forth, is part of the transaction between supply chain enterprises and customers and ultimately reflects the value of goods and service. The flow of commodity in the trade process shows the ownership transition of the goods from the e-commerce enterprise to customers, while the capital flows are in an opposite direction. Last but not least, flow of information referring to the processes of information collection, transmission, storage, retrieval, and analysis is the basis for regular functions of logistics and capital flow. All in all, the information flow provides accurate messages on the supply chain and the circulation of fund achieves value form transfer of the product, while the flow and logistics complete commodity transfer eventually. Apparently, the four main elements work together to have an impact on the collaborative ability and profitability ability of the e-commerce and express delivery industry supply chain.
Taking synergetics as the guiding ideology, this section analyzes the considering supply chain collaboration from the perspective of resource synergy within the channel for all members' consolidated goal of profit maximization and market share increase. In this case, two order parameters of profitability and interoperability are incurred in predominating the process of resource integration and channel evolution.
Problem Characteristics and Assumptions.
Profitability and collaboration capabilities along with the circulation of commodity, fund, information, and logistics of the ecommerce and express delivery industry should be taken together for accomplishing a collaborative supply chain. Among these, profitability and collaboration capability are order parameters that are key to system evolution, while the rest of the resources involving logistics, information, commodity, and capital are also regarded as indispensable factors for proper functioning.
is considered as the profitability of e-commerce and express enterprises, while represents the collaboration abilities. Logistics, fund, information, and commodity factors are expressed as , , , and , respectively. Thus, the operational systems of enterprises denoted as could be obtained:
where the subscripts of and signify the e-commerce enterprise and express delivery enterprise, separately.
Logic algebra method is connected to model calculations, where "0" and "1" are applied for demonstrating relations among resource elements of the e-commerce and express delivery industry supply chain. Specifically, if there exist interactions between different features, the result comes to be "1," and, otherwise, the solution of "0" would be put forward. Consequently, matrix model illustrating relations among factors could be expressed as 
where = {0, 1}, , = 1, 2, 3, 4, 5, 6. = 0 when elements under observation are unrelated with each other, while = 1 could be obtained from a contrary result.
Model Formulation.
In this part, interactions of profitability and collaboration capability that act as order parameters and remaining influences regarding logistics, fund, information, and commodity, which are treated as a whole, are investigated through a diverse of matrix model formulations and calculations.
Firstly, we deem 1 as the interaction of profitability between e-commerce and express delivery enterprises, while 4 Discrete Dynamics in Nature and Society 
4 is defined as interactions between profitability and interoperability of e-commerce and express delivery enterprises then.
5 signifies the relations between profitability and other resource elements as a whole, while 6 states the influences of collaboration ability and resource elements similarly. Moreover, 7 is introduced to show the internal relations among factors of logistics, fund, information, and commodity resources: Further calculations to analyze the impacts on resource elements allocated by the order parameters are conducted; we have 8 and 9 shown as follows: 
Discrete Dynamics in Nature and Society The following considerations of 10 , 11 , and 12 are taken into account to demonstrate the strong power of order parameters influencing other resources. 
where 10 and 11 describe the interrelations within the parameters, while 12 is resolved as influences on resource elements exerted by cooperative order parameters.
Proposition 5. When there exist interactions between the two parameters, it would function better for promoting resource elements' collaborative operations.
Correspondingly, resources elements' effects on profitability and collaboration capability are discussed, expressed as 13 and 14 , respectively: 
Proposition 6. Interrelations of order parameters and resources elements would have an impact on order parameters in their role of channel collaboration. Reactions of logistics, fund, information, and commodity occur in the face of profitability and interoperability of the e-commerce and express delivery industry supply chain.
15 is introduced to further analyze resource elements' counteractions on order parameters; (10) and (11) acquired accordingly show enhanced influences exerted on order parameters: 
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Evolutionary Model

Model Formulation.
The evolution of the supply chain from disordered to ordered state is associated with the interrelations of channel members and factors within the system along with external stochastic fluctuations. Mutual influences between resources along with system changes could be expressed by the following functions [35] :
where , , , represent resource elements and 1 , 2 , 3 , 4 reflect the factors' change rate which is affected by interrelationship of resources, expressed as 1 , 2 , 3 , 4 . ( ) is regarded as the stochastic fluctuation which is the function of time .
In the e-commerce and express delivery industry supply chain, similarly, the circulation of logistics, fund, information, and commodity, holding intricate relations with each other, are considered as main resource elements of the channel for system progress, so that we have the corresponding self-organizing dynamic equation shown as
where , , , represent resource elements regarding logistics, fund, information, and commodity, respectively, and the rest of the parameters share the same meaning with equations (12) .
In the process of evolution from disordered to an ordered status, order parameters play a decisive role in the structure formulation of the entire system. The order parameters and other resource elements are depending on each other as well as interacting with each other, leading to the emerging of a new order with self-organized procedure [52] . Taking the dominant function of the order parameters into account, it is adequate to merely analyze the evolution law of the profitability and interoperability for getting an idea of the supply chain's evolutionary mechanism.
Model Analysis.
Define and , regarded as the profitability and collaboration ability, respectively, as the order parameters and signifies the resource elements' system that deems the remaining factors involving logistics, fund, information, and commodity as a whole. means the profit parameters; 1 and 2 represent the damping coefficients of and , respectively. 1 is the interaction force of profitability and interoperability, 2 denotes the influence coefficients of and , and 3 indicates resource elements' impact on collaboration capability. stands for the attenuation coefficient of profitability and 1 and 2 are influential factors of resource elements affected by profitability and interoperability separately, while 3 states the self-feedback parameter of resources and 4 is expressed as the combined effect of profitability and collaboration ability exerted on resource factors. According to the self-organization principle of synergetics, the evolutionary process of the e-commerce and express delivery supply chain immediately impacted by the order parameters could be obtained as follows:
where the first two equations in the above equation set signify the decisive role of the parameters in the system evolution Discrete Dynamics in Nature and Society sequentially, while the last one is introduced to illustrate the order parameters' impact on resource elements.
During the progressive process of the e-commerce and express industry supply chain, the system remains stable under the conditions that the order parameters, that is, profitability and interoperability, stay unchanged and other resources are also invariable. The balance point turns out to be (0, 0, 0) accordingly where / = 0, / = 0, / = 0 and the feature matrix accordingly could be attained as
Then, the feature matrix in the balance point could be expressed as
Based on (16), the characteristic roots could be calculated to be 1 = − 1 and 2,3 = [ 3 − 2 ±√( 2 + 3 ) 2 + 4 3 2 ]/2. The balance point of the system would be stable only if all characteristic roots are negative according to the principle of differential equation. 
should be attained, and the system collaboration gradually enhanced for system transition to accomplish sophisticated order.
Numerical Analysis.
We concluded from Proposition 8 that , 1 , 2 , 3 , 2 , 3 are of vital significance of attaining system stability. Thence, numerical analysis in this section takes diverse values of the parameters under various conditions, aiming at providing an intuitive idea of the results.
System Stability Analysis. Proposition 8 has illustrated
that under the condition of < 1 and 3 − 2 + √( 2 + 3 ) 2 + 4 3 2 < 0, the supply chain system stays unchanged with a relatively low level of ordered state. Relevant parameters affecting the system stability are deemed as follows: = 0.1, 1 = 0.3, 2 = 0.4, 1 = 1.2, 2 = 0.9, 3 = 0.8, = 0.6, 1 = 0.8, 2 = 0.6, 3 = −2, 4 = 1.5, and corresponding simulation curves of profitability, collaboration capability, and resource integration of the ecommerce and express delivery industry supply chain could be obtained by MATLAB application. Figure 2(a) shows that, under the situation that 3 = −2 < 0, when resource elements have a negative impact on interoperability, it suggests inadequate resources integration of the supply chain which result in poor profitability inevitability, and the collaboration ability even suffers from minus at the very beginning. With the increase of , the order parameters have strengthened their power in leading the system positively, so that the collaboration capability gradually tends to evolve and keep steady since then. On the other hand, when 3 rises from −2 to 1.5 in Figure 2(b) , interoperability is constantly under active guidance and is enhanced as a result.
System Instability Analysis.
The e-commerce and express delivery industry supply chain demonstrates unstability when ≥ 1 or 3 − 2 + √( 2 + 3 ) 2 + 4 3 2 ≥ 0 is satisfied. Taking > 1 into account, firstly, we have Figures 3(a) and  3(b) . Figure 3 (a) suggests a growth of profitability of the supply chain when the profit parameter is bigger than the damping coefficients, that is, > 1 . With time extending, the profitability and interoperability acting as order parameters that are dominant in the process of system evolution work actively in guiding the whole channel toward a steady status along with the smoothly varied curves. In Figure 3(b) , however, there are tiny effects of external random fluctuation existing when ( ) = 0.0001, and great change has taken place in all the three solution curves with the order parameters losing their function in improving the coordination and cooperation of the supply chain, and the entire system is at the brink of a disordered condition. Hence, alternatives, other than profitability and collaboration capability, should be put forward to replace the original order parameters, for the efficient evolution of the e-commerce and express delivery industry supply chain.
The process of system evolution under condition 3 − 2 + √( 2 + 3 ) 2 + 4 3 2 > 0 is discussed subsequently with parameter setting being presented as = 0.1, 1 = 0.3, Figure 4 (a) describes the tendency of system evolution of all factors involving the profitability, interoperability, and other resource elements of the e-commerce and express delivery industry supply chain when 3 − 2 + √( 2 + 3 ) 2 + 4 3 2 > 0 is fulfilled. As 2 and 2 hold a high value, so that the damping coefficient increases with the decrease of the collaboration ability, leading to a decrement of its influence on resource elements. Figure 4 (b) is drawn up when there exists external stochastic fluctuation; that is, ( ) = 0.0001; the order parameters have functioned actively in guiding the system progressed and it works eventually as all factors within the channel evolved with all solution curves going smoothly over time. In addition, compared with Figure 4(a) , values of the same points of curves in Figure 4 (b) turn out to be higher, which implies a system transition with a higher level of ordered status of the supply chain ultimately. 
Conclusions and Future Research
This paper investigates the e-commerce and express delivery industry supply chain based on servo theory of synergetics. Self-organization principle of system dynamics method is introduced to analyze the intra-and interrelations of all influential elements in system evolution. Among these, profitability and collaboration ability, acting as order parameters according to servo theory, have played a decisive role in the system evolution. Interactions of order parameters and the rest of the resource elements are discussed and the order parameters' function in channel transition is emphasized. Furthermore, numerical analysis is employed to give an illustrative idea of the results. Main concluding remarks are summarized as follows.
(1) The profitability and collaboration capability of the e-commerce and express delivery industry supply chain work efficiently, only if the rest of the resource elements regarding logistics, fund, information, and commodity are coordinated. Similarly, the resource factors could affect the order parameters on the premise of their own collaboration (Propositions 1, 2, and 3).
(2) Order parameters of profitability and interoperability exert influences on resource elements, which in turn have reactions on order parameters as well. While the order parameters keep the dominant role in the supply chain, enhanced logistics, fund, information, and commodity resources have strong reflections on the profitability and collaboration ability, resulting in the regular operation and cooperative development of the entire channel (Propositions 4, 5, 6, and 7).
(3) In the initial stage of e-commerce and express delivery industry collaborative operations, the interoperability has been so week to bring about supply chain transitions and the system stays in a relatively low level of stability, and external stochastic fluctuations have no impact on system balance (Proposition 8, Figure 1 ). With the enhancement of resource integration, the collaboration capability transition occurs when other resource elements present closer cooperative and coordinated relations (Figure 2) .
(4) External stochastic fluctuation works to generate structural changes of the system, leading to the disordered status of the supply chain. The profitability and collaboration capability, what is worse, lose their advantage when acting as order parameters to guide the system (Figure 3) . While the interoperability enhanced, the supply chain is available for an evolution toward a higher ordered state under the influence of external stochastic fluctuation (Proposition 8, Figure 4) . This paper focuses on the collaboration and evolution of the e-commerce and express delivery industry supply chain. Existing researches accounting intra-and interrelations among resources of a supply chain conveying two or more industries are rare, which makes our study a path-breaking attempt of e-commerce and express delivery industry resource elements' relations investigation through theoretical models. We have indeed investigated horizontal collaborations among various elements and proved that all resources are mutually interacted by combining the two closely related businesses in an entire cooperative supply chain.
In practical, it is imperative for e-commerce and express delivery enterprises to accomplish coordinated development as both industries are interdependent on each other. To illustrate, 60% of express delivery business in China is derived from online shopping in 2013 and the proportion was reported to increase to 80% in the following year. However, while e-commerce stands out as an innovative industry that facilitate the interaction of logistics, fund, information, and commodity, it comes to a halt due to the low efficiency and unqualified technique level of express delivery as the complaint rates of express delay and unfavourable delivery service in 2015 were reported to have a growth of 12.8% and 65.8%, respectively. In terms of current contradictions between the e-commerce and express delivery industry that cause the whole channel failing to collaborate efficiently, we conclude our work along with its results of significant references for e-commerce and express delivery enterprises and industries with similar experiences in integrating and optimizing resources.
There is still room for further extensions and improvements for system evolution. As our work mainly focuses on the cooperation and coordination of e-commerce and express delivery enterprises within the supply chain, external interferences involving governmental policies, market demand, customer preferences, and loyalty are somewhat overlooked, which indeed mean a lot to the collaborative supply chain, for instance, when governmental involvement via financial instruments functions on either member of the supply chain, the relations, and interaction of profitability and collaboration capability within the chain would be interfered as well as the process of channel evolution. Further, more appropriate and comprehensive collaboration and evolutionary models of e-commerce and express delivery industry supply chain are worth discussing in the future works.
